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(57) ABSTRACT

A surface of a dynamic object such as a polygon mirror 1s
measured to determine configuration. In measuring the sur-
face configuration, a light 1s emitted onto the surface, and
interference stripes are analyzed to determine the surface
configuration. In analysis of the interference stripes, a cor-
rect sign for the peak frequency 1s required so as to measure
a configuration at a high precision level without much prior
preparation. The correct sign 1s obtained 1n a substantially
improved manner by using a relationship between the object
light that has been reflected by an object to be measured and

the reference light that has been emitted from the light
source.

30 Claims, 7 Drawing Sheets
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METHOD AND APPARATUS FOR
MEASURING DYNAMIC CONFIGURATION
SURFACE

FIELD OF THE INVENTION

The current invention 1s generally related to measuring
configurations, and more particularly related to methods and
devices of measuring configurations of dynamic or station-
ary objects for performance evaluations. The current inven-
tion 1s applicable to production techniques, applied optical
measuring techniques and operational performance evalua-
tion such as the rotational configuration of a polygon mirror.

BACKGROUND OF THE INVENTION

As shown 1n FIG. 1, a diagram 1illustrates an exemplary
polygon mirror 1 that 1s an object to be measured according
to the current mvention. The polygon mirror 1 1s used in
image devices such as a digital copier and a laser printer for
an optical writing system. The polygon mirror 1 1s rotated at
a high speed around a rotational axis 15 as indicated by an
arrow for reflecting light beams from an optical source 1n
order to scan the reflected beams that are reflected on a
polygon mirror surface 1a. The polygon mirror surface 1a
requires a highly precise configuration. A deviation from the
predetermined design leads to an unexpected result 1n 1image
point diameter and 1mage position. Although the polygon
mirror rotational speed depends upon a writing speed of a
particular 1mage device, recent polygon mirrors need a high
rotational speed rotation for a high speed writing operation.
At a high rotational speed, a deformation of the polygon
mirror surface 1s experienced due to heat and centrifugal
force. Since the reflected beam from the above deformed
mirror surface fails to form an 1mage on a predetermined
position, there 1s a need for accurately measuring and
evaluating the polygon mirror surface configuration during
the high-speed rotation.

For the stationary polygon mirror surface measurement,
an interferometer 1s used. However, since the interference
fringe 1s not observed for the rotating polygon mirror
surface, the configuration of the rotating polygon mirror
surface 1s not measured by the interferometer. For measuring
the configuration of the rotating polygon mirror surface, one
prior art measuring device 1s disclosed 1n Japanese Patent
3017998. The prior art measuring device scans a laser beam
onto a rotating polygon mirror surface for measuring a time
difference 1n the reflected beams 1n order to detect a difler-
ence 1n a tilt position among the mirror surfaces. Thus, the
configuration of the rotating polygon mirror surface 1is
measured. However, since the above described prior art
measuring device requires a mechanical operational part for
scanning the beams, an operational mechanical error
becomes a measuring error. At the same time, the measuring
technique requires some time. Although the mechanical
operational error 1s corrected by mirror retlection, additional
components associated with the correction are necessary and
their mstallment error and the subsequent positional error
both contribute as additional sources of error. Furthermore,
since the spatial resolution within the mirror surface depends
upon the scanning beam diameter, a high resolution level 1s
not generally expected. By reducing the beam diameter for
a higher spatial resolution level, the measuring time
becomes substantially longer.

Another prior art 1n Japanese Patent 3150239 discloses a
measuring device for performing a dynamic configuration
measurement at a high spatial resolution 1 the order of
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nanometer with short measurement time. The above mea-
suring device measures a minute periodic vibration change.
To accomplish the measurement, the above measuring
device provides a predetermined delay between a period of
an mput signal into an object to be measured and another
period of a signal to generate a pulse of light at a light source
and measures the surface change based upon the difference
between the two periods. This measuring device, however,
assumes that the surface change of the object to be measured
has perfect periodic vibration. Since the above described
polygon mirror 1s mechamcally rotated, it 1s almost 1mpos-
sible due to factors such as rotational eccentricity for a
mirror surface to return to the exact position 1n the order of
nanometer. That 1s, perfect vibration motion 1s diflicult to
achieve. Since the above measuring device measures the
difference 1n the periods, a non-periodic portion 1n the object
to be measured becomes a measurement error and an accu-
rate measurement according to the above device 1s difficult.

Furthermore, an exemplary method 1n Japanese Patent
3150239 measures the surface change as a set of stationary
image data by synchronizing with the signal to be given to
the object to be measured to emait light from the light source.
However, again, this technique makes 1t diflicult to obtain
the stationary image data since the synchronization between
the light emittance and the object change 1s not maintained
due to a non-periodic component in the movement of the
object to be measured.

One method determines a surface configuration after a
single interference 1image 1s recorded. In general, the method
includes spatial modulation methods to determine a con-
figuration based upon the spatial distribution of the inter-
ference stripes. For example, Fournier transformation as
disclosed i “Fourier Transier and Optical Applied Mea-
surement,” 1n Hikar1 Gizyutsu Kontakuto Vol. 36, No 2
(1998). By combining this spatial modulation method and
the above described method of Japanese Patent 3150239 for
synchronizing the signal to the object to be measured with
the light emittance pulse signal, the dynamic configuration
ol an object 1s measured after a single iterference 1image 1s
recorded. Even i1f the movement of the object has a non-
periodic component or the interference stripes are not com-
pletely stationary, as long as an 1image at an arbitrary timing
1s recorded for the interference stripes, the dynamic con-
figuration 1s measured. Thus, it 1s possible to measure the
dynamic configuration of an object such as a polygon mirror
with a non-periodic movement.

Unfortunately, the above combined method has a short-
coming. When a configuration 1s measured by the Fourier
transformation method, the peak frequency of the spatially
modulated interference stripes 1s detected and used. For
example, the peak frequency obtained by the Fourier trans-
formation of the interference stripes takes either positive or
negative numbers. The positive and negative signs of the
configuration measurement values are reversed. When the
signs are reversed, 1t becomes unclear whether the surface 1s
convex or concave. The sign of the peak frequency is
determined by a relative angle between the retlected light
from the object to be measured and the reference light. For
example, the peak frequency sign varies in the horizontal
direction when the reference mirror 1s tilted to the right or
the left with respect to the object mirror to be measured. By
the same token, the peak frequency sign varies in the vertical
direction when the reference mirror 1s tilted to the top or the
bottom with respect to the object mirror to be measured. The
above relative tilt 1s arbitranily varied according to a fre-
quency change for the interference stripe change and a
setting t1lt error in setting an object to be measured 1n a
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measuring device. There are some situations where the peak
frequency sign cannot be determined only by the interfer-
ence stripes. For the above reason, the stationary configu-
ration of the object 1s previously measured by a separate
measuring device and a current device. By comparing the
previously measured configuration by another device and
the current device, the peak frequency sign and the configu-
ration measurement sign are confirmed and or adjusted.
However, the measurement process takes longer, as
described above, due to the previous stationary measure-
ments.

Another method determines a surface configuration based
upon a microscope detection technique as disclosed in
“Simultancous Amplitude-Contrast And Quantitative Phase-
Contrast Microscopy By Numerical Construction of Fresnel
Off-Axis Holograms,” Ouyou Kougaku (Applied Optics)
Vol 34, 38 (1999). The above microscopy techmque mea-
SUres dynamlc configuration of a resonating mirror and an
angle of the mirror with respect to the resonating base. In yet
another method, the above measured dynamic configuration
ol a resonating mirror and the above measured angle of the
mirror with respect to the resonating base are subject to a
pulse-interference and a phase shift or a Fourier transfor-
mation. Furthermore, in a study, the interference stripes are
generated on the rotating polygon mirror surface, and by
detecting a change 1n the contrast of the interference stripes
in response to a varying mirror rotational speed, the rota-
tional speed distribution 1s measured for the object to be
measured.

It remains desirable to provide a correct sign for the peak
frequency so as to measure a configuration at a high preci-
sion level without much preparation. It also remains desir-
able to provide a correct sign for the configuration measure-

ment.

SUMMARY OF THE

INVENTION

In order to solve the above and other problems, according,
to a first aspect of the current invention, a dynamic configu-
ration measurement device, including a pulse light source
for generating pulsed light to be emitted on an optical path
according to a light generating timing, an optical divider
located on the optical path for dividing the pulsed light, a
part of the pulsed light being divided by the optical divider
and being projected onto a dynamic object that moves at a
predetermined period, the projected light being retlected as
an object light, the rest of the pulsed light being divided by
the optical divider as a reference light, the object light and
the reference light being interfered with each other to
generate 1nterference stripes, and a sign determination unit
for analyzing the interference stripes to detect a sign of a
peak frequency 1n a power spectrum of the interference
stripes according to a sign determination timing.

According to the second aspect of the current invention,
a dynamic configuration measurement device, including a
light source for generating light to be emitted on an optical
path, an optical divider located on the optical path for
dividing the pulsed light, a part of the pulsed light being
divided by the optical divider and being projected onto a
dynamic object 1n movement, the projected light being
reflected as an object light, the rest of the pulsed light being
divided by the optical divider as a reference light, the object
light and the reference light being interfered with each other
to generate interference stripes, an interference stripe receiv-
ing unit for receiving the interference stripes for a suili-
ciently short period of time relative to the movement of the
dynamic object, and a sign determination umit for analyzing
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the interference stripes to detect a sign of a peak frequency
in a power spectrum of the iterference stripes according to
a sign determination timing.

According to the third aspect of the current invention, a
dynamic configuration measurement device, including a
light source for generating light to be emitted on an optical
path, an optical divider located on the optical path for
dividing the pulsed light, a part of the pulsed light being
divided by the optical divider and being projected onto a
dynamic object 1n movement, the projected light being
reflected as an object light, the rest of the pulsed light being
divided by the optical divider as a reference light, the object
light and the reference light being interfered with each other
to generate interference stripes, and a sign determination
unit for analyzing the interference stripes to detect a sign of
a peak frequency 1n a power spectrum of the interference
stripes according to a sign determination timing.

According to the fourth aspect of the current invention, a
method of measuring a dynamic configuration of an object,
including the steps of generating pulsed light having a short
interference distance to be emitted on an optical path,
dividing the pulsed light, a part of the pulsed light being
divided to be projected onto a dynamic object, the projected
light being reflected as an object light, the rest of the pulsed
light being divided as a reference light, obtaining interfer-
ence stripes that has been generated by interfering the object
light and the reference light, determining a sign of a peak
frequency in a power spectrum of the interference stripes
according to a sign determination timing; determining a
position of an optical axis of the object light based upon an
amplitude spectrum of the interference stripes; and display-
ing the position on the optical axis of the object on a display
unit.

According to the fifth aspect of the current invention, a
dynamic configuration measurement device, including: a
light source for generating light to be emitted on an optical
path according to a light generating timing; an optical
divider located on the optical path for dividing the light, a
part of the light being divided by the optical divider and
being projected onto a dynamic object, the projected light
being reflected as an object light, the rest of the light being
divided by the optical divider as a reference light without
being retlected by the dynamic object, the object light and
the reference light being interfered with each other to
generate mterference stripes; and a sign determination unit
for receiving and analyzing the interference stripes to deter-
mine a sign ol a peak frequency in a spectrum of the
interference stripes based upon a predetermined relation
according to the object light and the reference light.

According to the sixth aspect of the current invention, a
method of determining dynamic configuration, including the
steps of emitting light on an optical path according to a light
generating timing; dividing the light at least into two, a part
of the light being projected onto a dynamic object, the
projected light being reflected as an object light, the rest of
the light being without reflected by the dynamic object as a
reference light; interfering the object light and the reference
light with each other to generate interference stripes; ana-
lyzing the interference stripes; and determinming a sign of a
peak Ifrequency 1n a spectrum of the interference stripes
based upon a predetermined relation according to the object
light and the reference light.

These and various other advantages and features of nov-
clty which characterize the invention are pointed out with
particularity in the claims annexed hereto and forming a part
hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by 1ts use, reference
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should be made to the drawings which form a further part
hereof, and to the accompanying descriptive matter, in
which there 1s illustrated and described a preferred embodi-
ment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram illustrating an exemplary polygon
mirror 1 that 1s an object to be measured according to the
current 1nvention.

FIG. 2 1s a diagram 1illustrating a {first preferred embodi-
ment of a dynamic configuration measuring device accord-
ing to the current invention.

FIGS. 3A and 3B are graphs illustrating driving signals
for driving the polygon mirror and emitting the laser pulse
to achieve the synchronization according to the current
invention.

FIG. 4 1s a diagram 1llustrating interference stripes and the
polygon mirror image according to the current invention.

FIG. 5 1s a diagram 1llustrating the anti-plane displace-
ment during the rotation of an exemplary polygon mirror
according to the current invention.

FIG. 6 1s a diagram illustrating a second preferred
embodiment of a dynamic configuration measuring device
according to the current invention.

FIG. 7 1s a diagram 1llustrating the spatial relation of the
images among the first through fourth i1mage quadrants
according to the current invention.

FIG. 8 1s a diagram 1llustrating a patentable feature of a
third preferred embodiment according to the current inven-
tion.

FIG. 9 1s a diagram 1llustrating a patentable feature of a
tourth preferred embodiment according to the current inven-
tion.

FIG. 10 1s a diagram 1llustrating an object to be measured
or a two tier polygon mirror.

FIG. 11 1s a diagram 1llustrating the exemplary results of
the amplitude spectral distribution.

FI1G. 12 1s a diagram illustrating a fifth preferred embodi-
ment of a dynamic configuration measuring device accord-
ing to the current invention.

FIG. 13 1s a flow chart illustrating steps involved 1n a

preferred process of measuring a dynamic object according,
to the current invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT(S)

L1l

Based upon incorporation by external reference, the cur-
rent application incorporates all disclosures in the corre-
sponding foreign priority document from which the current
application claims priority.

Referring now to the drawings, wherein like reference
numerals designate corresponding structures throughout the
views, and referring in particular to FIG. 2, a diagram
illustrates a first preferred embodiment of a dynamic con-
figuration measuring device according to the current inven-
tion. The first preferred embodiment includes a light source
such as a laser semiconductor 3 for emitting a pulse of light
with a predetermined pulse width, a ND filter 4 for adjusting
the light intensity of the emitted light from the laser semi-
conductor 3 and a beam expander 5 for expanding the
adjusted beam from the ND filter 4 to generate an expanded
laser beam 3a. In further detail, the laser beam from the laser
semiconductor 3 1s put into parallel arrays of beams by a
beam adjustment lens and a collimator lens, both of which
are not illustrated in FIG. 2. A part 3¢ of the expanded laser
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beam 3a passes through a beam splitter 6 while the rest 356
1s reflected by the beam splitter 6. The passing beam 3c¢ 1s
projected onto a polygon mirror 1, which 1s an object to be
measured and retlects the passing beam 3¢ to generate a
reflected beam 3d in the same pathway towards the beam
splitter 6 1n the reverse direction. As the laser beam 3d
reaches the beam splitter 6, the laser beam 34 1s retlected 1n
a beam 3e by a back surface towards a CCD camera 8 via
a lens 7. The above described retlected light beam 3d 1s now
also referred to as an object light beam Similarly, the rest 36
of the laser beam 3a that 1s mmitially reflected by the beam
splitter 6 1s reflected by a mirror 9 and travels 1n a beam 3/
towards the beam splitter 6 1n the reverse direction. The laser
beam 3/ then passes through the beam splitter 6 in the beam
3¢ towards the CCD 8 wvia the lens 7. The reflected light
beam 3/ 1s now also referred to as a reference light beam.

Still referring to FIG. 2, some of the above described
components are placed in certain distances to cause inter-
terence. The difference 1n optical path length between the
object light beam and reference light beam 1s made to be less
than coherence length of the laser semiconductor 3. In
general, when the optical axis of the object light beam and
the reference light beam 1s matched, the two light beams
cause interference and generate interface stripes. The lens 7
1s positioned at a certain distance so that an 1mage of the
object 1 forms an 1mage on an 1mage-capturing surface of
the CCD camera 8. Thus, the interference stripes as caused
by the object light beam and reference light beam are taken
by the CCD camera 8, and the 1mage 1s captured by a frame
grabber 10 for transferring the corresponding image data to
a computer 11. The transferred image data 1s stored a
memory unit 1 the computer 11 and 1s displayed on a
display unit of the computer 11. Based upon the above
general interference principle, 1 case of an object that
changes 1ts position 1n a substantially parallel direction with
the optical axis of the optical system as shown i FIG. 2,
pulses of light are emitted towards the object to be measured
at an arbitrary timing.

On the other hand, in case of an object such as a polygon
mirror, the angle of a surface to be measured varies with
respect to the optical axis of the optical system as the object
moves. Furthermore, 1n case of an object with multiple
surfaces to be measure, as the object rotates, the angle of a
reflective surface to be measured varies with respect to time.
For this reason, at an arbitrary timing, the object light beam
and reference light beam fail to interfere with each other, and
the interference stripe i1mage 1s not observed. Thus, the
timing 1s adjusted so that the object rotation 1s synchronized
with the light pulse emittance. To accomplish the synchro-
nization, a pulse modulator 12 outputs a signal to a motor
driver 13 for driving the rotation of the polygon mirror 1.
The pulse modulator 12 owns at least two channels and
outputs a trigger signal to a semiconductor laser driver 14 for
triggering light pulses via a channel other than the channel
to the motor driver 13. By using the identical signal from the
pulse modulator 12, the above described synchronization 1s
maintained between the rotation of the polygon mirror 1 and
the emittance of the pulse light from the semiconductor laser
3.

A measuring operation for determining the sign of a peak
frequency of the interference stripes will be further
described with respect to the first preferred embodiment of
the dynamic configuration measuring device of FIG. 2
according to the current invention. Some of the components
of the first preferred embodiment have been already
described, and the description will not be reiterated here. A
semiconductor laser 16 continuously emits laser onto the
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polygon mirror 1, and a driver 17 drives the semiconductor
laser 16. A position detection element 18 receives and
detects a position of the laser beam that has been reflected
by the polygon mirror 1. Although FIG. 2 does not show, 1t
1s assumed that the laser beam from the semiconductor laser
16 has been put into parallel arrays of beams by a beam
adjustment lens and a collimator lens. The position detection
clement 18 varies the output current in response to the
reception position with respect to the horizontal and vertical
directions. Based upon the output from the position detec-
tion element 18, the position on a detection surface of the
detection element 18 1s determined for the laser beam that
has been emitted from the semiconductor laser 16 and
reflected by the polygon mirror 1. A voltage/current con-
verter 19 converts the current output from the position
detection element 18 to a voltage level while an analogue-
to-digital converter 20 further converts the analogue voltage
output from the voltage/current converter 19 to a digital
voltage level. The output from the position detection ele-
ment 18 1n thus mputted mto a personal computer 11 as
digital data via the above converters 19 and 20.

The polygon mirror 1 1s put in a stationary state to
generate the interference stripes. The optical axis of the
polygon-mirror reflected light beam and the reference light
beam 1s substantially matched until the number of the
interference stripes becomes one or less 1n the corresponding
CCD mmage. In this state, the position detection element 18
1s placed at a certain position with respect to the polygon
mirror 1 so that the output from the position detection
clement 18 1s a predetermined value to indicate that the
polygon-mirror reflected light beam 1s detected at a certain
position on the detection surface. For example, the prede-
termined output value 1s zero 1n both the X and Y directions.
The same trigger signal from the pulse generator 12 to the
semiconductor laser driver 14 1s inputted into the AD
converter 20 so as to extract the position signal from the
position detection element 18 only when the laser beam 1s
emitted. The t1lt angle of the polygon-mirror reflected light
beam with respect to the reference light beam 1s known
based upon the above output signal from the position
detection element 18, and the sign for the peak frequencies
in the interference stripes 1s determined according to the tilt
angle. Thus, based upon the above determined sign for the
peak frequencies in the interference stripes, a sign for the
configuration measurement value 1s clarified for the dynamic
configuration measurement. If a CCD camera 1s used as the
position detection element 18, since a light spot image from
the semiconductor laser 16 via the polygon mirror 1 1s
captured as an 1mage, the above described eflect 1s obtained
by detecting the spot position. When the object to be
measured 1s stationary, the light source for the measuring
purpose 1s a CW source. In addition, a measurement 1s made
without the above described components and operation for
adjusting the timing for the light emittance or the image
capture. In the above example, the object to be measure 1s a
polygon mirror, but 1s not limited and includes a dynamic
mirror such as a DMD or a resonance mirror.

Now referring to FIGS. 3A and 3B, graphs illustrate
driving signals for driving the polygon mirror and emitting
the laser pulse to achieve the synchromization according to
the current invention. In describing the synchronization, the
first preferred embodiment as illustrated 1n FIG. 2 1s also
referred. For example, assuming the rotation of the polygon
mirror 1 at 180 revolutions per minute (rpm), the pulse
modulator 12 outputs predetermined timing signals to a
motor driver 13 for driving the rotation of the polygon
mirror 1 as shown i FIG. 3A, and the frequency for a
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particular surface of the polygon mirror 1 for returning to the
same position 1s 30 hertz (Hz). For this reason, the pulse
modulator 12 repeatedly outputs the semiconductor laser
driver 14 the trigger signal at 30 Hz as illustrated in FIG. 3B.
In order to observe the interference stripes for a specific
surface of the polygon mirror 1, the phase 1s adjusted
between the driving signals of FIG. 3A and the emittance
signals of FIG. 3B. The phase adjustment operation 1s
implemented by adjusting an adjustment knob for the phase
adjustment function for the channels 1n the pulse modulator
12. By adjusting the inter-channel phase, an arbitrary surface
of the polygon mirror 1 1s substantially perpendicular with
respect to the optical axis of the optical system so that the
interference stripes on the polygon mirror surface are
observed. To measure a particular polygon mirror surface, a
physical marker 1s placed on the mirror surface, and the
phase 1s adjusted until the iterference stripes are observed
on the marked mirror surface.

In the above case, although the emittance frequency of the
semiconductor laser 3 1s matched to the rotational frequency
of the polygon mirror 1, the emittance frequency 1s alterna-
tively set to a divisor to the rotational frequency for observ-
ing the interference stripes. If the emittance frequency of the
above semiconductor laser 3 1s above the frame rate of the
CCD camera 8, the averaged interference image 1s obtained
based on the quotient value in dividing the emittance ire-
quency value by the frame rate value. Furthermore, the
emittance frequency of the above semiconductor laser 3 is
below the frame rate of the CCD camera 8, a CCD camera
driver 15 1s triggered to synchronize with the laser emittance
from the semiconductor laser 3 in order to capture the image
without fail. In lieu of the above synchromization between
the emittance frequency of the semiconductor laser 3 and the
rotational frequency of the polygon mirror 1, the same effect
1s alternatively achieved by the synchronization between the
image capture of the CCD camera 8 and the rotation of the
polygon mirror 1. Furthermore, the pulse light from the
semiconductor laser 3 1s generated by linearly modulation or
pulse modulation. The pulse light source includes other
pulse lasers such as a solid-state laser in addition to the

semiconductor laser.

Now referring to FIG. 4, a diagram 1illustrates interference
stripes and the polygon mirror image according to the
current invention. The interference stripes 14 and the poly-
gon mirror surface image 1a are exemplarily illustrated to be
shown 1n a computer monitor screen 11a. The pattern and the
s1ze of the interference stripes are only 1llustrative and vary
depending upon relevant factors. The illustrated interference
stripes are assumed to be phase adjusted.

Now referring to FIG. 5, a diagram 1llustrates the anti-
plane displacement during the rotation of an exemplary
polygon mirror according to the current invention. Since a
distance r ifrom the rotational center of the polygon diflers
based upon a distance x from the center of the mirror
surface, the displacement velocity v also depends upon a
position i the mirror surface. The displacement velocity V
1s expressed by the following equation:

Vix)=2nnfr-0 (1)
where 11s a rotational frequency of the polygon mirror while
0 and r are defined 1n FIG. 5. Sufliciently high-contrasted
interference stripes are observed over the entire surface of
the polygon mirror 1f the displacement amount of the
polygon mirror 1s less than a half of the light source
frequency during the light-source pulse emittance. The num-
ber of the interference stripes such as shown in FIG. 4
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becomes the least when the optical axis of the polygon-
mirror reflected light beam and the reference light beam 1s
substantially i1dentical. In order to obtain the surface con-
figuration of the polygon mirror from a single interference
stripe 1image, the interference stripes are spatially modulated.
That 1s, the optical axis of the polygon-mirror retlected light
beam and the reference light beam 1s tilted to generate a
large number of sets of the interference stripes. Based upon
these sets of the interference stripes, the light and dark or
light intensity distribution varies if the corresponding poly-
gon mirror surface has irregular portions or convex/concave
portions. By detecting a change 1n the light and dark or light
intensity distribution of the interference stripes, the polygon
mirror surface configuration 1s measured or determined. In
measuring the polygon mirror surface configuration, the tilt
of the polygon-mirror retlected light beam and the reference
light beam with respect to a plane that 1s perpendicular to the
rotational plane of the polygon mirror 1s now referred to as
Y-direction. On the other hand, the tilt of the polygon-mirror
reflected light beam and the reference light beam with
respect to a plane that 1s parallel to the rotational plane of the
polygon mirror 1s now referred to as X-direction. The
X-direction t1lt and Y-direction tilt are provided by adjusting
the timing of the drniving signal for rotating the polygon
mirror and the triggering signal for emitting the semicon-
ductor laser. As the optical axis of the polygon-mirror
reflected light beam forms a larger angle with that of the
reference light beam, the number of the interference stripes
becomes larger.

In the calculating process for determining a configuration
from the interference stripe image, the intensity distribution
of the spatially modulated interference stripes 1s expressed
in the following equation (2):

glx.y)=a(x,y)+b(x,y)-cos[D(x,y)] (2)

where X and y are coordinates on the image capturing
surface of the CCD camera. g(x, v) 1s an interference stripe
intensity distribution; a(x, v) i1s an interference stripe back-
ground intensity distribution while b(x, y) 1s an interference
stripe amplitude distribution. Lastly, ¢(x, y) 1s an interfer-
ence stripe phase distribution according to the polygon
mirror surface configuration. In the above equation (2), the
terms, a(x, y) and b(x, y) are removed since they are
unnecessary for the configuration measurement. Further-
more, the phase of the polygon mirror reflected light, ¢(x, v)
1s extracted and converted to a configuration value to
determine the surface configuration. As expressed in the
following equation (3), the interference stripes having the
spatial carrier frequencies 1, and f,, are obtained by inter-
fering the polygon-mirror reflected light beam with the
reference light beam at a certain tilt angle between them.

gx.y)y=a(x,y)+b(x,y)-cos[ 2n(f o X+, oV )P(x,1)] (3)

By performing Fourier transformation on the interference
image of the equation (3) with respect to the variables x and
y, a two-dimensional spatial frequency spectrum 1s obtained
as expressed in the following equation (4).

Gl ) =AUy )+ ClUT oy o) CF (= it o) = i+

Jop)) (4)

where * 1s a complex conjugate, A(t,, 1) 1s a Fourier
spectrum of a(x, y); and C(t,, 1) 1s a Fourier spectrum of the
complex amplitude distribution c(x, y) of the interference
stripes as expressed by the following equation (5).
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1 . (5)
clx, y) = Eb(x, yvexplig(x, y)i

and t . if

With respect to the spatial carrier frequencies { o3
the changes are moderate 1n the background intensity dis-
tribution a(x, y) and the complex amplitude distribution c(x,
y) of the interference stripes, each of the spectra 1s separated
by the carrier frequencies. For this reason, C(f, 1) 1s
obtained by extracting only a component of the second term
in the above equation (4) and moving 1t to the origin of the
Fourier spectrum in order to remove the spatial carrier
frequencies t, and 1. The spatial carrier frequencies 1,
and 1, are respectively determined from the peak frequency
in the X-direction and the Y-direction after performing a
Fourier transformation on the interference stripe 1image data.
By performing a reverse Fourier transformation on the
spectrum C(1,, 1,), the complex amplitude distribution c(X,
y) of the Equation (5) i1s obtained. As expressed in the
tollowing equation (6), the phase ¢(x, v) 1s derived by taking
arctangent of a ration between an 1maginary part and a real
part of the above obtained complex amplitude. Finally, the
surface configuration of an object to be measured 1s obtained
by converting the phase of the equation (6) into a configu-
ration.

(6)

Imic(x, J’)}]

o
plx, y) = tan [Re{C(X-,. i

FIG. 6, a diagram 1illustrates a second preferred embodi-
ment of a dynamic configuration measuring device accord-
ing to the current invention. The second preferred embodi-
ment icludes a light source such as a laser semiconductor
3 for emitting a pulse of light with a predetermined pulse
width, a ND filter 4 for adjusting the light intensity of the
emitted light from the laser semiconductor 3 and a beam
expander 5 for expanding the adjusted beam from the ND
filter 4 to generate an expanded laser beam 3q. In further
detail, the laser beam from the laser semiconductor 3 1s put
into parallel arrays of beams by a beam adjustment lens and
a collimator lens, both of which are not illustrated in FIG. 6.
A part 3¢ of the expanded laser beam 3a passes through a
first beam splitter 6 while the rest 35 1s reflected by the first
beam splitter 6. The passing beam 3¢ 1s projected onto a
polygon mirror 1, which 1s an object to be measured and
reflects the passing beam 3¢ to generate a reflected beam 3d
in the same pathway towards the first beam splitter 6 in the
reverse direction. As the laser beam 3d reaches the beam
splitter 6, the laser beam 3d 1s reflected 1n a beam 3e by a
back surface towards a second beam splitter 21 via a lens 7.

The above described retflected light beam 3d 1s now also
referred to as an object light beam. Similarly, the rest 35 of
the laser beam 3a that 1s mitially reflected by the beam
splitter 6 1s reflected by a mirror 9 and travels 1n a beam 3/
towards the first beam splitter 6 1n the reverse direction. The
laser beam 3f then passes through the first beam splitter 6 1n
the beam 3e towards the second beam splitter 21 via the lens
7. The retlected light beam 3/ 1s now also referred to as a
reference light beam.

Still referring to FIG. 6, the second beam splitter 21 thus
reflects a part of the combined beam between the retlected
light beam from the polygon mirror 1 and the reflected light
beam from the reference mirror 9. A CCD camera 22 1s
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located at an approximated 1mage forming point by the lens
7 with respect to the combined beam. The 1mage captured by
the CCD 22 1s mputted nto a personal computer 11 via a
frame grabber 10. The spot image of the reference light
beam and the reflected light beam from the polygon mirror
1 1s observed. If the optical axis of the reference light beam
and that of the reflected light beam from the polygon mirror
1 are substantially matched, the both spot images are also
substantially overlapped 1in the observed image. On the other
hand, It either of the optical axis of the reference light beam
and that of the reflected light beam from the polygon mirror
1 1s tilted with respect to the other, a spot image 23 by the
polygon mirror 1 and a spot image 24 by the reference light
are observed separately as illustrated 1n FIG. 8.

In the mmtialization of the measuring device, the spot
image 24 of the reference light beam i1s positioned at a
predetermined location 1n the CCD 22. For example, the
reference light beam 1s in the center of the image by
adjusting the angle of the reference mirror 9, and the
interference stripes are observed by placing a stationary test
object of known shape in the measuring device. In measur-
ing the configuration, since the interference stripes need to
be spatially modulated, the spot image 23 from the polygon
mirror 1 1s 1solated from the spot image 24 from the
reference light beam by angling the object to be measured.
As shown 1n FIG. 7, among the first through fourth image
quadrants, for example, the object to be measured 1s angled
to spatially modulate the interference stripes by adjusting the
reflected spot image 23 to be 1n the second 1mage quadrant.
The measurement then takes place. In order to match the
measurement results 1 the concave and convex configura-
tion to those of the known configuration of the test object,
the sign of the frequency of the interference stripes 1s
determined 1n the X direction and the Y direction. Similarly,
by changing the quadrant where the retlective spot 1mage 1s
observed for the object to be measured, the relationship 1s
determined between the sign of the interference stripes in the
X direction and the Y direction and each of the image
quadrants. Based upon the above information, when an
unknown object 1s measured, by detecting a quadrant of the
reflective spot image of the unknown object in the CCD
image, the sign of the configuration 1s determined. As in the
case of the polygon mirror 1, since the object to be measured
has large non-periodic moving components due to the rota-
tional frequency change and the plane imperfection, the
configuration sign becomes uncertain as the angle of the
surface to be measured temporarily changes during the
measurement. Even 1n these situations, the configuration
sign becomes certain 1f the 1mage quadrant i1s detected for
the reflective spot image from the object to be measured
during the interference stripe observation as shown 1n FIG.
7.

Now referring to FIG. 8, a patentable feature of a third
preferred embodiment 1s 1llustrated 1n a diagram according,
to the current invention. The third preferred embodiment 1s
substantially 1dentical to the second preferred embodiment
as 1llustrated 1n FI1G. 6 except that the polygon mirror 1 and
the reference mirror 9 have a different shape so that the
reflected 1images are distinguishable. For example, the poly-
gon mirror 1 reflects a reflected 1image 25 1n a rectangular
shape while the reference mirror 9 retlects a retlected 1mage
24 1n a circular shape as illustrated in FIG. 8. As the CCD
camera 22 captures the retlected images 24 and 25, the
difference 1n the shape is easily recognized. Since the optical
axis ol the reference light beam 1s detected by the reference
mirror 1mage position, the relative angle 1s determined
between the polygon mirror reflected light and the reference
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light. Accordingly, since the sign of the peak frequency 1n
the interference stripes 1s determined, the sign of the con-
figuration measurement 1s ascertained by the output from the
CCD camera 22 during the dynamic configuration measure-
ment.

In the second preferred embodiment, i1t 1s dithcult to
distinguish the 1images from the reference reflected light and
the object reflected light. For example, when the reflective
surface of the object to be measure has a circular shape as
similar to the reference mirror, the 1mages are diflicult to
separate and tell which one 1s a reference 1image. To distin-
guish the reference image from the object retlected 1mage,
the reference mirror 9 1s made into a rectangular shape.
Alternatively, 1n stead of using a ditfferent shape, a different
s1ize 1n the same shape 1s used. For example, the reference
mirror and the object mirror have a circular shape but 1n a
different size 1n order to distinguish the reflected images
based upon the brightness of the reflected images. By
detecting the brightness, the reference and object retlected
images are distinguished from each other.

Now referring to FIG. 9, a patentable feature of a fourth
preferred embodiment 1s 1llustrated 1n a diagram according
to the current invention. The fourth preferred embodiment 1s
substantially identical to the second preferred embodiment
as illustrated i FIG. 6 except for a polygon mirror 2 or an
object to be measured as shown 1n FIG. 10. The polygon
mirror 2 has a set of a first polygon mirror 2a and a second
polygon mirror 2b. The height difference i1s caused by
expansion difference. In the light source 3, the coherence
length 1s short. When the interference stripes are obtained
during a measurement of the polygon mirror 2, due to the
height difference of the polygon mirrors 2a and 25, the
difference 1n contrast 1s seen 1n 1interference stripes as
illustrated 1n FIG. 9. When the reference light beam and the
object light beam best match, the contrast in the interference
1s the highest between the light and dark stripes. As the
difference between the two light beams becomes larger, the
stripe contrast becomes lower. Thus, 1f the relationship
between the stripe contrast and the polygon mirror height 1s
ascertained by actual measurements, the object surface
height or configuration 1s determined by detecting the inter-
terence stripe contrast. Although the coherence length of the
semiconductor laser 3 1s generally short, the coherence
length 1s several microns for super luminescence diodes. In
the height measurement using the short coherence length,
the short the coherence length i1s, the higher the resolution
becomes for the height measurement due to the correspond-
ing higher contrast.

The operation will be next described. The intensity dis-
tribution of the interference stripes 1s expressed by the
equation (3). If the peach frequency in the interference
stripes 1s substantially the same for the polygon mirror
surfaces 2a and 2b, the Fourier spectra Ca (X, y) and Cb(x,
y) 1n the interference stripes are determined using the same
peak frequency. Based upon the above, the amplitude spec-
tra of the interference stripes are obtained as expressed 1n the
equation (7). The amplitude spectra Aa(x, v) and Ab(X, y) 1n
the mterference stripes are respectively determined for the
polygon mirrors 2a and 2b.

(7)

Now reterring to FIG. 11, a diagram illustrates the exem-
plary results of the amplitude spectral distribution. The
height diflerence between the polygon mirrors 2a and 25 1s
shown 1n the brightness diflerence 1n the amplitude spectra.

A, yy=[Re{c(xy)} P+ Im{c(xy)}T>
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By averaging the difference of the CCD pixels for capturing
the polygon mirrors 2a and 25, the height difference between
the polygon mirrors 2a and 2b4. Since the above amplitude
spectra are obtained with the each pixel of the CCD camera,
the polygon mirror height 1s determined for each pixel. At 5
cach pixel for the CCD camera, the phase spectrum of the
interference stripes 1s also obtained for determinming a shape

as described with respect to the first preferred embodiment.
Thus, the height measurement value by the amplitude spec-
trum for each pixel of the CCD camera and the configuration 10
measurement value by the phase spectrum are simulta-
neously obtained.

Furthermore, the above description has provided the
measurement of the two polygon mirrors. The same mea-
surement method 1s applicable to more than two polygon 15
mirrors. In the operational method of the above fourth
preferred embodiment, 11 the peak frequency 1n the interfer-
ence stripes diflers between the polygon mirrors 2a and 25,
the Fourier spectra Ca (X, v) and Cb (X, y) of the interference
stripes are determined based upon the respective peak fre- 20
quencies. For example, 1n the interference stripe 1image on a
personal computer display, the corresponding areas for the
above polygon mirrors 2a and 25 are marked by a cursor of
the mouse, and the peak frequency i1s determined by per-
forming the Fourier transformation separately on each of the 25
marked areas of the CCD image. From the Fourier spectral,
the amplitude spectral 1s obtained, and the height measured
value 1s obtained from the amplitude spectral. Thus, even 1
the interference stripe peak frequency differs between the
polygon mirrors 2a and 25, a highly precise measurement 1s 30
obtained.

Referring back to FIG. 12, a diagram 1llustrates a fifth
preferred embodiment of a dynamic configuration measur-
ing device according to the current invention. The fifth
preferred embodiment includes a light source such as a laser 35
semiconductor 3 for emitting a pulse of light with a prede-
termined pulse width, a ND f{ilter 4 for adjusting the light
intensity of the emitted light from the laser semiconductor 3
and a beam expander 5 for expanding the adjusted beam
from the ND filter 4 to generate an expanded laser beam 3a. 40
In further detail, the laser beam from the laser semiconduc-
tor 3 1s put into parallel arrays of beams by a beam
adjustment lens and a collimator lens, both of which are not
illustrated 1n FIG. 12. A part 3¢ of the expanded laser beam
3a passes through a beam splitter 6 while the rest 36 1s 45
reflected by the beam splitter 6. The passing beam 3¢ 1s
projected onto a polygon mirror 1, which 1s an object to be
measured and reflects the passing beam 3¢ to generate a
reflected beam 3d in the same pathway towards the beam
splitter 6 1n the reverse direction. As the laser beam 3d 50
reaches the beam splitter 6, the laser beam 34 1s retlected in
a beam 3e by a back surface towards a CCD camera 8 via
a lens 7. The above described retlected light beam 3d 1s now
also referred to as an object light beam. Similarly, the rest 36
of the laser beam 3a that 1s 1mmitially reflected by the beam 55
splitter 6 1s reflected by a mirror 9 and travels 1n a beam 3/
towards the beam splitter 6 1n the reverse direction. The laser
beam 3/ then passes through the beam splitter 6 in the beam
3e towards the CCD 8 wvia the lens 7. The reflected light
beam 3/ 1s now also referred to as a reference light beam. 60

Still referring to FIG. 12, some of the above described
components are placed in certain distances to cause inter-
terence. The difference in optical path length between the
object light beam and reference light beam 1s made to be less
than the lens length of the laser semiconductor 3. In general, 65
when the optical axis of the object light beam and the
retference light beam 1s matched, the two light beams cause

14

interference and generate interface stripes. The lens 7 1s
positioned at a certain distance so that an image of the object
1 forms an 1mage on an 1image-capturing surface of the CCD
camera 8. Thus, the interference stripes as caused by the
object light beam and reference light beam are taken by the
CCD camera 8, and the image 1s captured by a frame grabber
10 for transierring the corresponding image data to a com-
puter 11. The transferred image data 1s stored a memory unit
in the computer 11 and 1s displayed on a display umit of the
computer 11. Based upon the above general interference
principle, in case of an object that changes 1ts position 1n a
substantially parallel direction with the optical axis of the
optical system as shown in FIG. 11, pulses of light are

emitted towards the object to be measured at an arbitrary
timing.

In the fifth preferred embodiment, a driver 14 maintains
a driving voltage at a constant level for constantly emitting
the light. A pulse generator 12 generates a trigger signal and
outputs to a CCD camera driver 15 so as to capture the
interference stripe image at the CCD camera 8 1n synchro-
nization with the rotation of the polygon mirror 1. If the
interference stripes are exposed to the light receiving surface
of the CCD camera 8 for a less than half the period of the
wavelength of the semiconductor laser 3, the interference
stripes represents an amount of change 1n the polygon mirror
surface 1 the optical axis direction of object during the
rotation of the polygon mirror 1. As similar to a shorter
emitting width of the semiconductor laser 3, an image of the
interference stripes over the entire surface of the polygon
mirror 1 1s captured. By adjusting the shutter opening
function of the CCD camera 8, the CCD exposure time 1s
adjusted. With a high speed camera, a short exposure time 1s
available, and the interference stripes are captured from a
polygon mirror that rotates at a higher speed for the mea-
surement.

Now referring to FIG. 13, a flow chart illustrates steps
involved 1 a preferred process of measuring a dynamic
object according to the current invention. In relation to the
flow chart, variables Kx and Ky respectively represent a
peak frequency in the x and y direction of the interference
stripes while Kt represents a predetermined threshold value
of the peak frequency. In a step S1, an i1mage of the
interference stripes are captured. In a step S2, Kx and Ky are
determined. Subsequently, the peak frequency values Kx
and Ky are each compared to the threshold value Kt 1n a step
S3. If both of the peak frequency values Kx and Ky are equal
or less than the threshold value Kt in the step S3, the
configuration or height 1s determined 1n a step S4. On the
other hand, either of the peak frequency values Kx and Ky
1s not equal or less than the threshold value Kt 1n the step S3,
a new set of the interference stripes 1s sampled again in the
step S1 betore the step S4 takes place. The above described
preferred process 1s performed either manually or automati-
cally. In addition, another preferred process includes an
additional step of adjusting the phase of the light source 1n
response to the step S3 before a new set of the iterference
stripes 1s sampled.

It 1s to be understood, however, that even though numer-
ous characteristics and advantages of the present invention
have been set forth 1n the foregoing description, together
with details of the structure and function of the invention,
the disclosure 1s 1llustrative only, and that although changes
may be made in detail, especially 1n matters of shape, size
and arrangement of parts, as well as implementation 1n
software, hardware, or a combination of both, the changes
are within the principles of the mvention to the full extent
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indicated by the broad general meaning of the terms in
which the appended claims are expressed.

What 1s claimed 1s:

1. A dynamic configuration measurement device, com-
prising:

a pulse light source for generating pulsed light to be
emitted on an optical path according to a light gener-
ating timing;

an optical divider located on the optical path for dividing
the pulsed light, a part of the pulsed light being divided
by the optical divider and being projected onto a
dynamic object that moves at a predetermined period,
the projected light being reflected as an object light, the
rest of the pulsed light being divided by the optical
divider as a reference light, the object light and the
reference light being interfered with each other to
generate interference stripes; and

a sign determination unit for analyzing the interference
stripes to detect a sign of a peak frequency 1n a power
spectrum of the interference stripes according to a sign
determination timing.

2. The dynamic configuration measurement device
according to claim 1 further comprising a timing adjustment
unit connected to the pulse light source for adjusting the
light generating timing and the sign determination unit for
adjusting the sign determination timing.

3. The dynamic configuration measurement device
according to claim 1 wherein the sign determination unit
turther comprises:

a sign detection light source for projecting light onto the

dynamic object; and

a position detection unit for detecting a position of the
light that has been reflected from the dynamic object.

4. The dynamic configuration measurement device
according to claim 1 wherein the sign determination unit
turther comprises:

an 1mage forming unit for forming an object image from
the object light and for forming a reference image from
the reference light; and

a position detection unit for detecting a position of the
object image and the reference 1mage.

5. The dynamic configuration measurement device
according to claim 4 wherein the 1image forming unit further
comprises an optical system for forming a first shape for the
object image and a second i1mage for the reference image.

6. The dynamic configuration measurement device
according to claim 5 wherein the position detection unit
turther comprises an 1mage recognition unit for distinguish-
ing the first shape from the second shape.

7. The dynamic configuration measurement device
according to claim 1 wherein the pulse light source gener-
ates the pulsed light having a short interference distance,
claiam 1 further comprises a position detection unit for
determining a distance with respect to an optical path of the
object light based upon an amplitude spectrum of the
interference stripes.

8. A dynamic configuration measurement device, com-
prising;:

a light source for generating light to be emitted on an

optical path;

an optical divider located on the optical path for dividing
the pulsed light, a part of the pulsed light being divided
by the optical divider and being projected onto a
dynamic object in movement, the projected light being
reflected as an object light, the rest of the pulsed light
being divided by the optical divider as a reference light,
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the object light and the reference light being interfered
with each other to generate interference stripes;

an 1interference stripe receiving unit for receiving the

interference stripes for a suthiciently short period of
time relative to the movement of the dynamic object;
and

a sign determination umt for analyzing the interference

stripes to detect a sign of a peak frequency 1n a power
spectrum of the interference stripes according to a sign
determination timing.

9. A dynamic configuration measurement device, com-
prising:

a light source for generating light to be emitted on an

optical path;

an optical divider located on the optical path for dividing

the pulsed light, a part of the pulsed light being divided
by the optical divider and being projected onto a
dynamic object in movement, the projected light being
reflected as an object light, the rest of the pulsed light
being divided by the optical divider as a reference light,
the object light and the reference light being interfered
with each other to generate interference stripes; and

a sign determination umt for analyzing the interference

stripes to detect a sign of a peak frequency 1n a power
spectrum of the interference stripes according to a sign
determination timing.

10. The dynamic configuration measurement device
according to claim 9 wherein the sign determination unit
further comprises:

a sign detection light source for projecting light onto the

dynamic object; and

a position detection unit for detecting a position of the

light that has been reflected from the dynamic object.

11. The dynamic configuration measurement device
according to claim 9 wherein the sign determination unit
turther comprises:

an 1mage forming unit for forming an object 1mage from

the object light and for forming a reference image from
the reference light; and

a position detection unit for detecting a position of the

object image and the reference 1mage.

12. The dynamic configuration measurement device
according to claim 11 wherein the image forming unit
turther comprises an optical system for forming a first shape
for the object image and a second 1mage for the reference
image.

13. The dynamic configuration measurement device
according to claim 12 wherein the position detection unit
turther comprises an 1image recognmition unit for distinguish-
ing the first shape from the second shape.

14. The dynamic configuration measurement device
according to claim 9 wherein the pulse light source gener-
ates the pulsed light having a short interference distance,
claim 9 further comprises a position detection unit for
determining a distance with respect to an optical path of the
object light based upon an amplitude spectrum of the
interference stripes.

15. A method of measuring a dynamic configuration of an
object, comprising the steps of:

generating pulsed light having a short interference dis-

tance to be emitted on an optical path;

dividing the pulsed light, a part of the pulsed light being

divided to be projected onto a dynamic object, the
projected light being retlected as an object light, the rest
of the pulsed light being divided as a reference light;
obtaining interference stripes that has been generated by
interfering the object light and the reference light;
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determining a sign of a peak frequency 1 a power
spectrum of the interference stripes according to a sign
determination timing;

determining a position of an optical axis of the object light

based upon an amplitude spectrum of the interference
stripes; and

displaying the position of the optical axis of the object on

a display unait.

16. The method of measuring a dynamic configuration of
an object according to claim 15 further comprising addi-
tional steps of:

dividing the interference stripes into a plurality of areas;

and

determining a peak frequency of the interference stripes in

each of the areas; and

determining the position of the dynamic object based

upon the peak frequency.
17. A dynamic configuration measurement device, coms-
prising:
a light source for generating light to be emitted on an
optical path according to a light generating timing;

an optical divider located on the optical path for dividing
the light, a part of the light being divided by the optical
divider and being projected onto a dynamic object, the
projected light being reflected as an object light, the rest
of the light being divided by the optical divider as a
reference light without being reflected by the dynamic
object, the object light and the reference light being
interfered with each other to generate interference
stripes; and

a sign determination unit for receiving and analyzing the

interference stripes to determine a sign of a peak
frequency 1n a spectrum of the interference stripes
based upon a predetermined relation according to the
object light and the reference light.

18. The dynamic configuration measurement device
according to claim 17 further comprising a timing adjust-
ment unit connected to the light source for adjusting the light
generating timing and the sign determination unit for adjust-
ing a sign determination timing.

19. The dynamic configuration measurement device
according to claim 17 wherein the sign determination unit
turther comprises:

a sign detection light source for independently projecting

second light onto the dynamic object; and

a position detection unit for detecting a position of the

second light that has been reflected from the dynamic
object.

20. The dynamic configuration measurement device
according to claim 17 wherein the sign determination unit
turther comprises:

an 1mage forming unit for forming an object image from

the object light and for forming a reference image from
the reference light; and

a position detection unit for detecting a position of the

object image and the reference 1mage.

21. The dynamic configuration measurement device
according to claim 20 wherein the image forming unit
turther comprises an optical system for forming a first shape
for the object image and a second image for the reference
image, the first shape being diflerent from the second shape.
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22. The dynamic configuration measurement device
according to claim 21 wherein the position detection unit
further comprises an 1image recogmtion unit for distinguish-
ing the first shape from the second shape.

23. The dynamic configuration measurement device
according to claim 17 wherein the light source generates
pulsed light having a short interference distance, claim 17
turther comprises a position detection unit for determining a
distance with respect to an optical path of the object light
based upon an amplitude spectrum of the interference
stripes.

24. A method of determining dynamic configuration,
comprising the steps of:

emitting light on an optical path according to a light

generating timing;

dividing the light at least into two, a part of the light being,

projected onto a dynamic object, the projected light
being reflected as an object light, the rest of the light
being without reflected by the dynamic object as a
reference light;

interfering the object light and the reference light with

cach other to generate interference stripes;

analyzing the interference stripes; and

determining a sign of a peak frequency 1n a spectrum of

the interference stripes based upon a predetermined
relation according to the object light and the reference
light.

25. The method of determining dynamic configuration
according to claim 24 further comprising additional step of
adjusting the light generating timing and a sign determina-
tion timing.

26. The method of determining dynamic configuration
according to claim 24 wherein the sign determination step
turther comprises additional steps of:

independently projecting second light onto the dynamic

object; and

detecting a position of the second light that has been

reflected from the dynamic object.

27. The method of determining dynamic configuration
according to claim 24 wherein the sign determination step
further comprises additional steps of:

forming an object image from the object light;

forming a reference 1mage from the reference light; and

detecting a position of the object image and the reference

image.

28. The method of determining dynamic configuration
according to claim 27 wherein the object 1mage has a first
shape while the reference image has a second 1image, the first
shape being different from the second shape.

29. The method of determining dynamic configuration
according to claim 28 further comprises an additional step of
automatically distinguishing the first shape from the second
shape.

30. The method of determining dynamic configuration
according to claim 24 wherein the emitted light 1s pulsed
having a short mterference distance, claim 24 further com-
prising an additional step of determining a distance with
respect to an optical path of the object light based upon an
amplitude spectrum of the interference stripes.
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